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Abstract
Static and non-static thermal screening states that couple to the conserved vector current are investigated in the high-temperature
phase of QCD. Their masses and couplings to the current are determined at weak coupling, as well as using two-flavor lattice QCD
simulations. A consistent picture emerges from the comparison, providing evidence that non-static Matsubara modes can indeed
be treated perturbatively. We elaborate on the physical significance of the screening masses.
Keywords: Screening Masses, Lattice QCD, Resummed Perturbation Theory
1. Introduction
While lattice QCD is a primary tool to investigate equilibrium properties of finite-temperature QCD, real-time
quantities, such as transport coefficients or production rates, are notoriously difficult to address. In this work, we are
motivated by looking for an indirect way of probing real-time physics in the Euclidean formulation of thermal field
theory, not involving a numerically ill-posed analytic continuation [1]. Specifically, we show [2] that there is a class
of Euclidean observables, namely flavor non-singlet (mesonic) screening masses at non-zero Matsubara frequency,
which are sensitive to the same infrared physics as is relevant for jet quenching or photon and dilepton production.
Concretely, the link between non-static correlation lengths and the photon production rate is established via a certain
potential V+ introduced previously and recently computed non-perturbatively using lattice simulations [3, 4].
2. Calculation of vector screening masses
We consider the flavor non-singlet vector current correlator (~x ≡ (x1, x2))
G(kn)µν (z) ≡
∫ 1/T
0
dτ eiknτ
∫
~x
〈
Vµ(τ, ~x, z) Vν(0)
〉
c
µ=ν
=
∫ ∞
0
dω
pi
e−ω|z| ρ(kn)µν (ω) , kn ≡ 2pinT. (1)
In the last equality, a spectral representation is given in terms of screening states. We now build an effective theory
(EFT) which allows us to describe the physics of the correlators considered around the threshold ω ∼ max(k1, kn).
Dimensional reduction involves keeping only the Matsubara zero modes of the SU(3) gauge fields in the covariant
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Figure 1. Comparison of vector screening masses in two-flavor O(a) improved Wilson lattice QCD simulations and in the EFT at two temperatures
(corresponding to 16 × 643 and 12 × 643 lattices). The longitudinal and transverse channels are given for the Matsubara sectors n = 0, 1 and 2.
derivatives Dµ = ∂µ − igAµ. With ψ† = 1√T
(
χ† φ†
)
, this leads to (at tree-level, in a certain representation of the γµ’s)
S 0 =
∑
{pn}
∫
~x,z
[
iχ†pn
(
pn − gA0 + D3 − DiDi + iσ3i jDiD j2pn
)
χpn (2)
+ iφ†pn
(
pn − gA0 − D3 − DiDi + iσ3i jDiD j2pn
)
φpn + O
( 1
p2n
)]
, pn ≡ 2piT
(
n +
1
2
)
.
The fermions now have non-relativistic propagators and a simple inspection reveals that the ‘forward-propagating’
mesons are represented by the fields φ†pnχp′n and φ
†
pnφ−p′n with pn, p
′
n > 0. For instance, consider for kn > 0
V (kn)0 =
∑
0<pn<kn
(
χ†pnχpn−kn + φ
†
pnφpn−kn
)
. (3)
For given pn, let w(z, ~y ) be the screening correlator of a local current at the source and a point-split current with
separation ~y at the sink in the EFT. For z > 0,
(∂z + Hˆ+)w(z, ~y ) = 0 , w(0, ~y ) = δ(2)(~y ), (4)
Hˆ+ ≡ Mcm − ∇
2
2Mr
+ V+, V+LO(~y ) =
g2ECF
2pi
[
ln
(mEy
2
)
+ γE + K0(mEy)
]
. (5)
For Mcm, we perform a one-loop matching of the fermion masses in the reduced theory [2], while g2E = g
2T + . . .
and m2E = (
Nc
3 +
N f
6 )g
2T 2 is the Debye mass. The Fourier transform of w(z, ~y ) is closely related to the ‘resolvent’ g+,
which obeys (Hˆ+ − ω − i0+)g+(ω,~y ) = δ(2)(~y ) and is given explicitly by (the ψi are normalized energy eigenstates)
g+(ω,~y ) =
∞∑
i=0
ψi(~y ) ψ
∗
i (~0 )
Ei − ω − i0+ . (6)
Finally, the screening spectral function can be obtained from the imaginary part of the resolvent,
ρ(kn)00 (ω) = −
∑
0<pn<kn
2NcT lim
~y→~0
Im g+(ω,~y ) = −2piNcT
∑
0<pn<kn
∞∑
i=0
δ(Ei − ω) |ψi(~0 )|2 . (7)
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Figure 2. Leading-order, next-to-leading order and non-perturbative EQCD potential: comparison of the predictions to lattice data for the energy
levels (left) and, on the right, the corresponding ‘amplitudes’ (i.e. − 1pi× the coefficient of the delta function in Eq. (7)).
We observe a close resemblance with the corresponding equations appearing in the LPM resummation of longitudinal
modes for photon or dilepton production [5]: the same potential V+ appears, and we are looking for an s-wave solution.
The potential V+ can be defined non-perturbatively using a (modified) Wilson loop [3] and has been computed in
3d lattice simulations [4]. The predictions for non-static screening masses resulting from solving the Schro¨dinger
equation with the potential V+ can be tested against direct four-dimensional lattice QCD simulations; see Fig. 1,
where also results for the transverse channel (µ = ν = 1 or 2 in Eq. (1)) are displayed. We consider the agreement to
be satisfactory, since the temperature is not very high. Fig. 2 shows that using a non-perturbative potential, defined
from a modified Wilson loop, improves the overall agreement.
3. Analytic continuation of the screening masses E(ωn) in ωn
Linear response along with a constitutive equation for the current ~V makes a prediction for the retarded correlator of
V0 at small frequency ω and wavevector k,
GR(ω, k)
ω,k→0
===
χsDk2
−iω + Dk2 , χs ≡
∫
d4x 〈V0(x)V0(0)〉. (8)
In terms of the frequency ω, this corresponds to a pole at ω = −iDk2 in the lower half of the complex plane, with D the
diffusion constant. Continuing to imaginary frequencies, we obtain the Euclidean correlator, GE(ωn, k) = GR(iωn, k)
(k , 0; ωn = 2piTn > 0). One can also contemplate expression (8) from the point of view of k. Now, the poles in k
of GE(ωn, k) are equal to i times a screening ‘mass’ corresponding to a fixed Matsubara frequency sector ωn. If we
continue the screening mass as a function of the Matsubara frequency, Eq. (8) suggests that for ωn → 0, we should
find a k-pole at k2 = −ωnD , i.e. that one screening mass E(ωn) continues to
E(ωn)
ωn→0∼ √ωn/D. (9)
This equation suggests a way to estimate the diffusion constant.
One example to illustrate the analytic continuation of the screening masses in ωn is provided by AdS/CFT. The
ordinary differential equation (ODE) that is solved to determine screening masses coupling to a conserved current is
essentially the same as the ODE solved to obtain the spectral function describing the real-time excitations coupling
to the current; the difference resides in the boundary conditions [6]. In the shear channel of the large-Nc, strongly
coupled N = 4 SYM theory for instance, Eq. (4.26) of [7] for ω = 0 is equivalent to Eq. (2.20) of [8]. In the vector
3
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Figure 3. Determination of the diffusion constant D = 1/(2piT ) in AdS/CFT via the non-static screening masses related to G(ωn)00 .
channel, starting from Eq. (4.5b) of [7], we have to solve
E′′z (u) +
ωˆ2 f ′(u)
(ωˆ2 − qˆ2 f (u)) f (u) E
′
z(u) +
ωˆ2 − qˆ2 f (u)
u f 2(u)
Ez(u) = 0 (10)
(Ez can be interpreted as a component of the electric field to which the conserved vector current is coupled, and
qˆ = q2piT , ωˆ =
ω
2piT ). In order to compute screening masses for Matsubara frequency ωn, we set ωˆ
.
= iωˆn, qˆ
.
= iEˆ(ωˆn)
in Eq. (10) and choose the following boundary conditions: (a) at u = 0 (the boundary), the solution Ez(u) must be
normalizable, hence go to 0; (b) choose Ez(u) regular at the horizon u = 1, i.e. u+ωˆn/2 rather than u−ωˆn/2 for ωn > 0.
Using the shooting method starting at u = 1, we compute the screening masses for general positive ωn > 0. As
ωn → 0, we observe the behavior (9) with the known result D = 1/(2piT ) [9] as expected, see Fig. 3.
4. Conclusions
‘Integrating out’ the non-static gauge modes perturbatively appears to be a decent approximation even at T = 250
MeV in the calculation of screening masses. Using a non-perturbative potential V+ improves the predictions for the
non-static screening masses and amplitudes. This study adds confidence to the applicability of EFT methods for the
study of phenomenologically interesting rate observables at temperatures relevant to heavy ion collision experiments.
An open question is whether the relation of non-static screening masses and real-time rates can be extended to a non-
perturbative level. In the AdS/CFT context, a direct connection exists between the calculation of screening masses
and the calculation of transport coefficients; whether this connection can be usefully carried over to lattice calculations
remains to be seen.
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